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images corresponding to the plural designated focal positions
are captured. A partial panoramic image corresponding to the
designated shooting area is generated according to the plural
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1
PANORAMA PHOTOGRAPHING METHOD

BACKGROUND

1. Technical Field

The disclosure relates in general to a photographing
method, and more particularly to a panorama photographing
method.

2. Description of the Related Art

For meeting the photographing demands of consumers,
electronic devices such as mobile phone, digital camera or
tablet computers are usually equipped with lenses and display
panels for allowing the users to capture images. In compari-
son with the field of vision of the user, a shooting area of a the
lens is relatively smaller. Due to the limitations of the shoot-
ing area of the lens, it is difficult to capture a wide-range
image.

FIG. 1 schematically shows a capturing range of a conven-
tional photographing device. In case that the user is in an
outdoor environment, the field of vision (R, ,,;) of the user has
awidth W, ,, and a height H, , ;.

In this context, the range captured by the lens is also
referred as a capturing range. As shown in FIG. 1, the captur-
ingrangeR,,,, hasawidth W, andaheightH,, . The width
W,,.., and the height H , , of the capturing range R, are
much smaller than the width W, ., and the height H,_, ; of the
field of vision, respectively.

Generally, by slightly changing the position of the user or
changing the distance (that is, a focusing distance) between
an actual focal position and the photographing device, the
position and the size of the capturing range may be slightly
changed. However, the approaches of adjusting the position
and the size of the capturing range are restricted by the real
environment. That is, the conventional way of adjusting the
capturing range is limited.

tota tota

SUMMARY

According to one embodiment, a panorama photographing
method is provided. The panorama photographing method
includes following steps. Firstly, plural panorama focal posi-
tions required for a full panorama image are defined. Then, a
designated shooting area is determined, and the panorama
focal positions within the designated shooting area are
accordingly taken as plural designated focal positions. Plural
target images corresponding to the plural designated focal
positions are captured for generating a partial panorama
image corresponding to the designated shooting area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (prior art) schematically shows a capturing range of
a conventional photographing device.

FIG. 2 schematically shows an approach of determining a
designated area by rotating the photographing device.

FIG. 3 schematically shows the designated focal positions.

FIG. 4 schematically shows the relationships between the
designated shooting area and the partial panoramic image.

FIG. 5 schematically shows the partial panoramic image
obtained by stitching the raw images.

FIGS. 6A, 6B and 6C schematically show three kinds of
moving trajectories of the actual focal position.

FIG. 7 schematically illustrates the relationships between
some capturing ranges and the designated shooting area in
response to the rotation of the photographing device.
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2

FIG. 8 schematically illustrates a preview screen displayed
on a photographing device, in which the capturing range is
completely beyond the designated shooting area.

FIG. 9 schematically illustrates a preview screen displayed
on a photographing device, in which the capturing range is
partially within the designated shooting area and partially
beyond the designated shooting area.

FIG. 10 schematically illustrates a preview screen dis-
played on a photographing device, in which the capturing
range is completely within the designated shooting area but
the actual focal position is not aligned with any designated
focal position.

FIG. 11 schematically illustrates a preview screen dis-
played on a photographing device, in which the capturing
range is completely within the designated shooting area and
the actual focal position is aligned with one designated focal
position.

FIG. 12 is a schematic functional block diagram illustrat-
ing the photographing device according to an embodiment of
the present disclosure.

FIGS. 13 A and 13B are flowcharts illustrating a panorama
photographing method according to an embodiment of the
present disclosure.

FIGS. 14 A and 14B are flowcharts illustrating a method of
determining the designated shooting area by sensing the
rotating trajectory of the photographing device.

FIG. 15 schematically shows an approach of dynamically
adjusting a designated shooting area according to an embodi-
ment of the present disclosure.

FIG. 16 schematically shows another approach of dynami-
cally adjusting a designated shooting area according to
another embodiment of the present disclosure.

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of the disclosed embodi-
ments. [t will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. Inother
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

DETAILED DESCRIPTION

As previously described, due to the limitations of the cap-
turing range R,,,,, of the photographing device, it is difficult to
capture a wide-range image. The present disclosure provides
a panorama photographing method for allowing the user to
select a desired shooting area. In this context, the electronic
device for implementing the panorama photographing
method is also referred as a photographing device. By using
the panorama photographing method, the photographing
device can generate a partial panoramic image according to
the user’s needs.

By operating the photographing device of the present dis-
closure, the user may determine a designated shooting area
R,..., and capture plural raw images corresponding to the
designated shooting area R,_,,.,. After all of the raw images
are stitched together according to a panorama algorithm, a
partial panoramic image is generated. Generally, every two
adjacent raw images have an overlapped region. The raw
images are stitched together by referring to the overlapped
regions. For clarification and brevity, the overlapped regions
between adjacent raw images are not shown in the drawings.
Similarly, the adjacent capturing ranges are also partially
overlapped with each other. The approaches of stitching the
raw images as the partial panoramic image are well known to
those skilled in the art, and not redundantly described herein.
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Inaccordance with the panorama photographing method of
the present disclosure, a first raw image (also referred as an
initial image) corresponding to an initial focal position is
captured by the photographing device. In addition, the
remaining raw images captured by the photographing device
are referred as target images.

FIG. 2 schematically shows an approach of determining a
designated shooting areaR ;... by rotating the photographing
device. In FIG. 2, the designated shooting area R _,,_, is cir-
cumscribed by thick black lines. It is assumed that the center
position of the capturing range R,,,,, represents the actual
focal position of the photographing device 20. The actual
focal position of the photographing device 20 while capturing
the initial image is defined as the initial focal position P0. As
shown in FIG. 2, the capturing range corresponding to the
initial image is located at a lower left corner of the designated
shooting area R, It is noted that the capturing range
corresponding to the initial image is not restricted to the lower
left corner of the designated shooting area R,

Firstly, the photographing device 20 is rotated vertically
along an upward direction (i) for a certain rotating extent.
Correspondingly, the actual focal position is moved upwardly
along the direction (I). After the actual focal position is
shifted to a first turning position t1, the photographing device
20 is rotated horizontally along a rightward direction (ii).
During the process of rotating the photographing device 20,
the target images are simultaneously captured by the photo-
graphing device 20. In this embodiment, if the rotating direc-
tion of the photographing device 20 is changed, five raw
images within the designated shooting area R, , and along
the vertical direction are simultaneously captured by the pho-
tographing device 20. Under this circumstance, the photo-
graphing device 20 realizes that the height of the designated
shooting area R,_,,., is equal to five times the height of the
capturing ranges R, (thatis, H_, =5xH, ). At the same
time, the left edges of the five capturing ranges corresponding
to the five captured raw images are collaboratively defined as
a left boundary (or first boundary) of the designated shooting
area Rselect'

As the photographing device 20 is rotated horizontally
along the rightward direction (ii) for a certain rotating extent,
the actual focal position is moved along rightward direction
(II). During the process of rotating the photographing device
20 along the rightward direction (ii), the target images are
simultaneously captured by the photographing device 20. For
example, additional six raw images along the rightward direc-
tion are captured by the photographing device 20. After the
actual focal position is moved to a second turning position t2,
the photographing device 20 is rotated vertically along a
downward direction (iii). In other words, while the actual
focal position is moved from the first turning position t1 to the
second turning position t2, seven raw images are simulta-
neously captured by the photographing device 20. At the
same time, the top edges of the seven capturing ranges cor-
responding to the seven captured raw images are collabora-
tively defined as a top boundary (or second boundary) of the
designated shooting area R,

Then, if the photographing device 20 is rotated upwardly,
the photographing device 20 may judge that the actual focal
position is beyond the top boundary of the designated shoot-
ing area R, .. Under this circumstance, the photographing
device 20 will not capture the target images. On the other
hand, if the photographing device 20 is rotated vertically
along the downward direction (iii), the photographing device
20 realizes that the actual focal position is within the desig-
nated shooting area R ;... Consequently, the corresponding

target images are captured by the photographing device 20.
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While the photographing device 20 is rotated vertically
along the downward direction (iii), the photographing device
20 realizes that the width of the designated shooting area
R,z 18 equal to seven times the width of the capturing range

selec:

R, (thatis, W, =7xW, ). Meanwhile, the photograph-
ing device 20 realizes that the size of the designated shooting
areaR ., 1s substantially equal to 35 (that is, 5x7) capturing
ranges R,,,,,. In other words, the photographing device 20 has
to capture 35 raw images.

Moreover, while the photographing device 20 is rotated
vertically along the downward direction (iii), the right edges
of the five capturing ranges are collaboratively defined as a
right boundary (or third boundary) of the designated shooting
areaR_,, . Theleft boundary and the right boundary (or third
boundary) of the designated shooting area R_,,.., are in par-
allel with each other and equal. Consequently, if the actual
focal position is moved downwardly from the second turning
position t2 to a position lower than the initial focal position
PO, the photographing device 20 stops capturing the target
images.

Similarly, while the photographing device 20 is rotated
horizontally along the leftward direction (iv) for a certain
rotating extent, seven raw images are simultaneously cap-
tured. Accordingly, the bottom edges of the seven capturing
ranges corresponding to the captured seven raw images are
collaboratively defined as a bottom boundary (or fourth
boundary) of the designated shooting area R ;... The bottom
boundary (or fourth boundary) and the top boundary of the
designated shooting area R, ., are in parallel with each other
and equal. Consequently, if the actual focal position is moved
leftwards from the third turning position t3 to a position next
to a left side of the initial focal position P0, the photographing
device 20 stops capturing the target images.

As shown in FIG. 2, the designated shooting area R ,,, is
determined by sensing the rotating trajectory of the photo-
graphing device 20. The vertical rotating extent of the photo-
graphing device 20 is corresponding to the height H,,,, of
the designated shooting area R_,. . The length of the first
boundary ofthe designated shooting area R, is determined
according to the rotating extent of the photographing device
20 along a first direction (for example, a vertical direction)
and a focusing distance of the photographing device 20. Simi-
larly, the horizontal rotating extent of the photographing
device 20 is corresponding to the width W, of the desig-
nated shooting area R ;... The length of the second boundary
of the designated shooting area R, is determined accord-
ing to the rotating extent of the photographing device 20
along a second direction different than the first direction (that
is, a horizontal direction) and the focusing distance of the
photographing device 20.

In this embodiment, the initial image is firstly captured by
the photographing device 20. Then, the panorama focal posi-
tions required for the panoramic image are estimated by the
photographing device 20 according to the initial image and
the panorama algorithm. As mentioned above, the photo-
graphing device 20 has the function of allowing the user to
define the designated shooting area R,
In case that the actual focal position is beyond the desig-
nated shooting area R ;. .,, the photographing device 20 will
not capture the target images. Whereas, in case that the actual
focal position is within the designated shooting area R,
and the focal position of the photographing device 20 is
aligned with one of the panorama focal positions, the photo-
graphing device 20 will capture the target image. In this
context, the panorama focal positions within the designated
shooting area R, are also referred as designated focal
positions.
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FIG. 3 schematically shows the designated focal positions.
In FIG. 3, the designated focal positions are indicated by
circle marks (O), and the panorama focal positions beyond
the designated shooting area R,_,,., are indicated by cross
marks (X). As shown in FIG. 3, when the actual focal position
of'the photographing device 20 is aligned with the designated
focal positions f(1,5), {(2,1), f(3,1), f(7,5) and so on, the
corresponding target images are captured by the photograph-
ing device 20.

FIG. 4 schematically shows the relationships between the
designated shooting area and the partial panoramic image.
The designated shooting area R_,,.., corresponds to plural
capturing ranges R, ;,. For clarification, the horizontal direc-
tions of the capturing ranges and the raw images are defined
as x-axis coordinates, and the vertical directions of the cap-
turing ranges and the raw images are defined as y-axis coor-
dinates.

The capturing ranges R, within the designated shooting
area R, ., have respective designated focal positions. For
example, the capturing range R(1,1) indicates the actual cap-
turing range of the photographing device 20 when the actual
focal position of the photographing device 20 is aligned with
the designated focal position f(1,1).

From left to right, the capturing ranges of the photograph-
ing device 20 posterior to the capturing range R(1,1) are
sequentially the capturing ranges R(2,1), R(3,1) R(4,1), R(5,
1), R(6,1) and R(7,1). From bottom to top, the capturing
ranges of the photographing device 20 posterior to the cap-
turing range R(1,1) are sequentially the capturing ranges R(1,
2), R(1,3), R(1,4) and R(1,5). The coordinates of the other
capturing ranges R, ., may be deduced by analogy.

The raw image at the lower left corner may be denoted as
IMG(1,1). From left to right, the raw images posterior to the
raw image IMG(1,1) are sequentially the raw images IMG(2,
1), IMG(3,1), IMG(4,1), IMG(5,1), IMG(6,1) and IMG(7,1).
From bottom to top, the raw images posterior to the raw image
IMG(1,1) are sequentially the raw images IMG(1,2), IMG(1,
3), IMG(1,4) and IMG(1,5). The coordinates of the other raw
images may be deduced by analogy.

FIG. 5 schematically shows the partial panoramic image
obtained by stitching the raw images. The arrangement
sequence of the raw materials is identical to the arrangement
sequence of the capturing ranges (see F1G. 4)

After these raw images are stitched together according to
the coordinates of these raw images, the partial panoramic
image 40 is generated. For example, since the designated
focal position 1(1,1) is located at the lower left corner of the
designated shooting area R ;..,, the raw image IMG(1,1) that
is captured by the photographing device 20 according to the
capturingrange R(1,1) is located at the lower left corner of the
partial panoramic image 40. That is, when the raw images are
captured, the relative positions of the capturing ranges are
also recorded. According to these raw images and the relative
positions of the capturing ranges, the partial panoramic image
40 as shown in FIG. 5 can be correctly generated.

It is noted that the timing of capturing the target images is
not restricted. In accordance with a first approach, all target
images are captured after the designated shooting area R, .,
is determined. Inaccordance with a second approach, some of
the target images are captured during the process of deter-
mining the designated shooting area R, , and the rest of the
target images are captured after the designated shooting area
R, .., 18 determined. In the following embodiments, the tim-
ing of capturing the target images is determined by the second
approach.

FIGS. 6A, 6B and 6C schematically show three kinds of
moving trajectories of the actual focal position. In compari-
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6

son with FIG. 2, the sequence of defining the boundaries is
distinguished. As shown in FIGS. 6A, 6B and 6C, the first
boundary is defined along the horizontal direction, and the
second boundary is defined along the vertical direction. The
way of rotating the photographing device 20 to define the
designated shooting area R, ;... is similar to that described in
FIG. 2.

While the actual focal position is moved horizontally along
the rightward direction to a first turning position t1, the target
images corresponding to the capturing ranges R, beside the
first boundary are simultaneously captured by the photo-
graphing device 20. Then, the actual focal position is moved
vertically along the upward direction to a second turning
position t2. Similarly, while the actual focal position is moved
vertically along the upward direction to the second turning
position 12, the target images corresponding to the capturing
ranges R,,,,, beside the second boundary are simultaneously
captured by the photographing device 20.

Referring to FIGS. 6A, 6B and 6C, after the first boundary
(that is, the bottom boundary) and the second boundary (that
is, the right boundary) are defined, a third boundary (for
example, a top boundary) in parallel with the first boundary
and a fourth boundary (for example, a left boundary) in par-
allel with the second boundary are consequentially defined.

The locations of the second turning position t2 as shown in
FIGS. 6A, 6B and 6C are distinguished. As the second turning
position t2 is farther from the first boundary, the second
boundary is longer and the designated shooting areaR_,__, is
larger. In FIG. 6A, the height of the second boundary is equal
to three times the height of one capturing range. In FIG. 6B,
the height of the second boundary is equal to four times the
height of one capturing range. In FIG. 6C, the height of the
second boundary is equal to five times the height of one
capturing range. Consequently, size of the designated shoot-
ing areas R_;,., of FIGS. 6A, 6B and 6C are ranked in an
ascending order.

As shown in FIG. 6A, after the target images correspond-
ing to the capturing ranges beside the four boundaries are
captured, the remaining target images are captured. As shown
in FIGS. 6B and 6C, after the target images beside the first,
second and third boundaries are captured, the remaining tar-
get images are captured.

More especially, a preview screen may be displayed on the
display panel of the photographing device 20. The contents of
the preview screen contain the image of the capturing range
R,,.;- In case that the photographing device is rotated by the
user, the contents of the capturing range R, and the contents
of the preview screen are correspondingly changed.

Moreover, a graphic user interface (hereinafter, GUI) may
be shown on the display panel of the photographing device 20
to provide various prompt patterns. For example, the prompt
patterns include a focusing frame, a target pattern and/or a
warning message etc. During the image-capturing process,
the profiles and positions of the prompt patterns are corre-
spondingly determined according to the contents of the pre-
view screen. The prompt patterns may guide the user to cap-
ture the target images.

For example, the focusing frame indicates the actual focal
position, and the target patterns indicate the designated focal
positions. According to the relative position between the
focusing frame and the target pattern, the user may realize
whether the actual focal position is aligned with the desig-
nated focal position. It is noted that the profiles and types of
the prompt patterns are not restricted.

Moreover, the preview screen provided by the photograph-
ing device 20 may be displayed on the display panel in two
display modes. In case that the capturing range R ..., is within
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the designated shooting area R_,..,, the preview screen is
displayed in the first display mode. Whereas, in case that the
capturing range R, is beyond the designated shooting area
R, ;... the preview screen is displayed in the second display
mode. In different display modes, the preview screen dis-
played on the display panel has different display parameters
(for example, brightness parameters, transparency param-
eters, gray level parameters or color tone parameters).

FIG. 7 schematically illustrates the relationships between
some capturing ranges and the designated shooting area in
response to the rotation of the photographing device. In this
embodiment, if the capturing range R,,,,, is beyond the des-
ignated shooting area R ;. ,, the preview screen is displayed
with a darker transparency.

In FIG. 7, the relative positions between four capturing
ranges R, (F1, F2, F3 and F4) and the designated shooting
area R, , are shown. The capturing range F1 is completely
beyond the designated shooting area R,,,,... The capturing
range F2 is partially within the designated shooting area
R,,;.., and partially beyond the designated shooting area
R,.s0.r- The capturing ranges F3 and F4 are completely within
the designated shooting area R ;... Hereinafter, the preview
screens corresponding to the four capturing ranges R, (F1,
F2,F3 and F4) will be illustrated with reference to FIGS. 8, 9,
10 and 11.

FIG. 8 schematically illustrates a preview screen displayed
on a photographing device, in which the capturing range is
completely beyond the designated shooting area. The preview
screen IMGj, displays the capturing range R, ,,, and the
focusing frame 31. The focusing frame 31 includes a left part
and a right part. The region circumscribed by the focusing
frame 31 indicates the actual focal position of the lens of the
photographing device 20. Generally, the focusing frame 31 is
located at the center of the preview screen.

For prompting the user that the capturing range R, is
completely beyond the designated shooting area R,_,,,, the
preview screen is displayed in the second display mode.
Meanwhile, the photographing device 20 stops capturing the
raw image. Alternatively, a warning message may be shown
on the preview screen to notify the user that the current
capturing range R, is completely beyond the designated
shooting area R, .

FIG. 9 schematically illustrates a preview screen displayed
on a photographing device, in which the capturing range is
partially within and partially beyond the designated shooting
area. According to the panorama algorithm, there is no des-
ignated focal position within the current capturing range
R, Consequently, none of the target patterns indicating the
designated focal positions are shown on the preview screen.

For prompting the user that the actual focal position is
beyond the designated shooting area R, ,, the portion of the
preview screen corresponding to the region beyond the des-
ignated shooting area R ;... is displayed with a darker trans-
parency (that is, a second transparency). As shown in FIG. 9,
the right portion of the preview screen is displayed with a
darker transparency (that is, a second transparency), and the
left portion of the preview screen is displayed with a brighter
transparency (that is, a first transparency). According to the
prompt patterns, the user may realize that the rotation of the
photographing device 20 along the rightward direction fails to
capture the target image.

In case that the actual focal position is within the desig-
nated shooting area R, .,, the user has to judge whether the
actual focal position is aligned with a corresponding desig-
nated focal position or not. When the actual focal position is
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not aligned with any designated focal position, the photo-
graphing device 20 does not capture the contents of the pre-
view screen.

For example, the actual focal position of the capturing
range F3 as shown in FIG. 7 is not aligned with any desig-
nated focal position. Consequently, the contents of the pre-
view screen IMG; shown in FIG. 10 are not captured by the
photographing device 20.

On the other hand, if the actual focal position is aligned
with one of the designated focal positions, the photographing
device 20 will capture the contents of the preview screen as
the target image. For example, the actual focal position of the
capturing range F4 as shown in FIG. 7 is aligned with a
designated focal position. Consequently, the contents of the
preview screen IMGyp, shown in FIG. 11 are captured as the
target image by the photographing device 20.

FIG. 10 schematically illustrates a preview screen dis-
played on a photographing device, in which the capturing
range is completely within the designated shooting area R -
zec: but the actual focal position is not aligned with any des-
ignated focal position. The preview screen IMG; denotes the
capturing range F3 as shown in FIG. 7.

The target patterns 33 and 34 are not circumscribed by the
focusing frame 31. As shown in FIG. 10, the target pattern 33
corresponding to the designated focal position (5,4) and the
target pattern 34 corresponding to the designated focal posi-
tion 1(6,4) are respectively located at the left side and right left
side of the focusing frame 31. For capturing the target image,
the user may realize how to move the actual focal position
according to the preview screen by rotating the photograph-
ing device 20.

For example, by rotating the photographing device 20
along the leftward direction, the actual focal position of the
photographing device 20 may be aligned with the designated
focal position f(5,4). That is, the target pattern 33 will be
circumscribed by the focusing frame 31. Alternatively, by
rotating the photographing device 20 along the rightward
direction, the target pattern 34 will be circumscribed by the
focusing frame 31.

FIG. 11 schematically illustrates a preview screen dis-
played on a photographing device, in which the capturing
range is completely within the designated shooting area and
the actual focal position is aligned with one designated focal
position. The preview screen IMG,, denotes the capturing
range F4 as shown in FIG. 7. For example, as shown in FIG.
11, the target pattern 35 corresponding to the designated focal
position 1(6,2) is circumscribed by the focusing frame 31.
Consequently, the contents of the preview screen IMGy, are
captured as the target image by the photographing device 20.

FIG. 12 is a schematic functional block diagram illustrat-
ing the photographing device according to an embodiment of
the present disclosure. As shown in FIG. 12, the photograph-
ing device 20 includes a display panel 23, a controlling unit
21, a posture sensor 27, and a lens 25. The controlling unit 21
is electrically connected with the display panel 23, the posture
sensor 27 and the lens 25. The lens 25 is used for capturing the
raw images. The preview screen may be displayed on the
display panel 23.

When the lens 25 is aimed at a scene, a preview screen is
displayed on the display panel 23 by the controlling unit 21.
In case that the photographing device is rotated by the user,
the contents of the preview screen are correspondingly
changed. As mentioned above, if the capturing range is com-
pletely within the designated shooting area R_,.., and the
actual focal position is aligned with one designated focal
position, the preview screen may be captured as the target
image. After the process of capturing the raw images is com-
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pleted, the raw images are stitched as the partial panoramic
image by the controlling unit 21. Then, in response to the
user’s operation, the partial panoramic image may be shown
on the display panel 23.

The posture sensor 27 is used for sensing an orientation
status of the photographing device 20. When the photograph-
ing device 20 is rotated in response to the user’s operation, the
posture sensor 27 continuously issues posture signals to the
controlling unit 21. The posture signals may indicate the
rotating trajectory (for example, the rotating extent and the
rotating direction) of the photographing device 20. For
example, the posture sensor 27 is a gyroscope, a G-sensor or
any other appropriate sensing element.

In case that the posture signal indicates the rotating extent
of the photographing device 20, the moving distance of the
actual focal position may be calculated by the photographing
device 20 according to the posture signals. For example,
according to the rotating extent of the photographing device
20 along the first direction and the focusing distance of the
photographing device 20, the length of the first boundary may
be calculated. Moreover, according to the rotating extent of
the photographing device 20 along the second direction and
the focusing distance of the photographing device 20, the
length of the second boundary may be calculated.

If the posture signal indicates that the rotating direction is
changed, the controlling unit 21 may determine the length of
a boundary of the designated shooting area R, or the
controlling unit 21 may judge whether the actual focal posi-
tion is beyond the designated shooting area R, ...

When the orientation of the lens 25 is changed, the captur-
ing range R,,,,, and the actual focal position are correspond-
ingly changed. Consequently, the contents of the preview
screen, for example, the profiles and positions of the prompt
patterns, shown on the display panel 23 are changed. By
means of the prompt patterns, the user may judge whether the
capturing range R, of the photographing device 20 is suit-
ably captured as the target image or not.

It is noted that the target images may be manually or
automatically captured by the photographing device 20. The
method of manually or automatically capturing the target
images is not described herein.

FIGS. 13A and 13B are flowcharts illustrating a panorama
photographing method according to an embodiment of the
present disclosure. Firstly, an initial focal position PO is
selected according to the user’s preference and an initial
image is captured by the photographing device 20 (Step S11).
Then, the panorama focal positions required for a full pan-
oramic image are defined by the controlling unit 21 according
to the initial image and the panorama algorithm (Step S12).
The panorama focal positions for acquiring the full pan-
oramic image are distinguished according to the spherical
perspective projection method or the cylindrical perspective
projection. The projection method to calculate the panorama
focal positions and the panorama algorithm may be adopted
according to the practical requirements.

Then, a rotating trajectory of the photographing device 20
is sensed by the posture sensor 27, and a designated shooting
areaR,,,, . is determined by sensing the rotating trajectory of
the photographing device 20 (Step S13). The detailed proce-
dures of the step S13 may be illustrated in more details with
reference to the flowchart of FIG. 14. After the designated
shooting area R ;. is determined, the panorama focal posi-
tions within the designated shooting area R, are taken as
plural designated focal positions (Step S14).

Then, plural target images corresponding to the plural des-
ignated focal positions are accordingly captured by the pho-
tographing device 20 (Step S15). As mentioned above,
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prompt patterns (for example, the focusing frame, the target
pattern and/or the warning message) are shown on the graphic
user interface to guide the user to capture the target images.
Moreover, the controlling unit 21 judges whether all target
images are captured (Step S16). If the judging condition of
the step S16 is not satisfied, the step S15 is repeatedly done
until the remaining target images are captured. Whereas, if
the judging condition of the step S16 is satisfied, it means that
the target images corresponding to all designated focal posi-
tions have been captured.

Moreover, the photographing device 20 may provide the
function of adjusting the designated shooting area R,_,,_,.
After all target images are captured, if the user intends to
adjust the designated shooting area R, (Step S17), the step
S13 is repeatedly done. Otherwise, a partial panoramic image
is generated by stitching the initial image and the plural target
images together (Step S18).

FIGS. 14 A and 14B are flowcharts illustrating a method of

determining the designated shooting area by sensing the
rotating trajectory of the photographing device. Firstly, a first
boundary of the designated shooting area R, is defined
according to a rotating extent of the photographing device 20
along a first direction (Step S131). Then, a second boundary
of'the designated shooting area R, is defined according to
a rotating extent of the photographing device 20 along a
second direction different than the first direction (Step S133).
Asmentionedin FIG. 2, the rotating extent of the photograph-
ing device 20 is equivalent to the moving distance of the
actual focal position. According to the moving distance of the
actual focal position, the length of the boundaries of the
designated shooting area R,_,,, can be estimated.
After the first boundary and the second boundary of the
designated shooting area R, are defined, a third boundary
in parallel with the first boundary is defined (Step S135), and
a fourth boundary in parallel with the second boundary is
defined (Step S137). In this embodiment, the designated
shooting area R_,,., has a rectangular shape. Consequently,
the length of the first boundary and the length of the third
boundary are equal, and the length of the second boundary
and the length of the fourth boundary are equal. Then, the
designated shooting area R,,, ., is determined according to
the first, the second, the third and the fourth boundaries (Step
S139).

The step S131 includes the steps S131a and S13154. In the
step S131qa, a first turning position t1 of the actual focal
position is sensed. In the step S1315, the length of the first
boundary is determined according to the distance between the
initial focal position PO and the first turning position t1. The
step S133 includes the steps S133a and S13354. In the step
S133a, a second turning position t2 of the actual focal posi-
tion is sensed. In the step S1335, the length of the second
boundary is determined according to the distance between the
first and the second turning positions t1, t2.

In some other embodiments, the size of the designated
shooting area R ;. may be dynamically adjusted by sensing
the rotating trajectory of the photographing device 20.

FIG. 15 schematically shows an approach of dynamically
adjusting a designated shooting area according to an embodi-
ment of the present disclosure. Firstly, the actual focal posi-
tion of the photographing device 20 is horizontally moved
from an initial focal position PO to a first turning position t1
along a rightward direction. Then, the actual focal position is
vertically moved from the first turning position t1 to a second
turning position t2 along an upward direction. Then, the
actual focal position of the photographing device 20 is hori-
zontally moved from the second turning position t2 to a third
turning position t3 along a leftward direction.
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Generally, the third turning position t3 and the initial focal
position PO are located at the same vertical line. If the hori-
zontal moving extent of the photographing device 20 is too
large, the actual focal position is located at an upper left side
of the initial focal position P0. Under this circumstance, a
warning message is shown on the graphic user interface to
notify the user. Consequently, the left boundary of the desig-
nated shooting area R, may be adjusted to be along the
same vertical line.

It the user stops capturing the target image when the actual
focal position is at the third turning position t3, the designated
shooting area R, is defined by two rows of the capturing
ranges R,,,;,. That is, the height of the designated shooting
area R is equal to two times the height of the capturing

select
range R, (that is, H_,..~2xH,,,..).

When the actual focal position is at the third turning posi-
tiont3, if the photographing device 20 is rotated upwardly, the
actual focal position is moved upwardly. Meanwhile, the
position of the actual focal position is higher than the third
turning position t3. Under this circumstance, a warning mes-
sage is shown on the graphic user interface to notify the user.

If the actual focal position is unintentionally moved to the
position higher than the third turning position t3, the user may
stop capturing the target image according to the warning
message. On the other hand, if the user actually wants to
change the height of the designated shooting area R,., the
process of adjusting the designated shooting area R, ., will
be continuously performed. When the actual focal position is
at a fourth turning position t4, if the photographing device 20
is rotated horizontally along the rightward direction, the
actual focal position is continuously moved along the right-
ward direction.

Similarly, when the actual focal position is moved to a fifth
turning position t5 along the rightward direction, the photo-
graphing device 20 may check whether the actual focal posi-
tion is at the right boundary. If the user stop capturing the
target image when the actual focal position is at the fifth
turning position t5, the designated shooting area R, ., is
defined by three rows of the capturing ranges R,,,,. That is,
the height of the designated shooting area R _,,_, is equal to
three times the height of the capturing range R,,,,, (that is,
Hselect:3XHunit)'

Similarly, if the actual focal position is moved upwardly
from the fifth turning position t5 to a sixth turning position t6
and moved horizontally to a seventh turning position t7, the
designated shooting area R, is defined by four rows of the
capturing ranges R, ;.. That is, the height of the designated
shooting area R, is equal to four times the height of the
capturing range R . (thatis, H . =4xH, ).

From the above discussions, when the actual focal position
is at the third, the fifth, or the seventh turning position t3, t5,
t7, the height of the capturing range R,,,,, is increased if the
photographing device 20 is rotated upwardly. In other words,
the photographing device 20 may notify the user whether the
vertical height of the actual focal position is about to be
changed. Consequently, the height of the capturing range
R,,.;; 18 dynamically adjusted according to the user’s require-
ments.

FIG. 16 schematically shows another approach of dynami-
cally adjusting a designated shooting area R ;.. according to
another embodiment of the present disclosure. Firstly, the
actual focal position of the photographing device 20 is hori-
zontally moved from an initial focal position P0 to a first
turning position t1 along a rightward direction. Then, the
actual focal position is vertically moved from the first turning
position t1 to a second turning position t2 along an upward
direction. Meanwhile, the bottom boundary of the designated
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12
shooting area R, ;. is defined by the line passing through the
initial focal position PO and the first turning position t1.

After the actual focal position is moved upwardly from the
first turning position t1 to the second turning position t2, the
actual focal position is moved toward the upper left side.
Since the actual focal position is higher than the second
turning position t2, the height of the second turning position
2 is not considered as the height H_,, , of the designated
shooting area R,,,,.,. Meanwhile, the right boundary of the
designated shooting area R ;. is defined by the line passing
through the first and the second turning positions t1, t2.

When the actual focal position is moved from the second
turning position t2 to a third turning position t3, if the photo-
graphing device 20 is continuously rotated along the leftward
direction, the actual focal position is beyond the left boundary
of the designated shooting area R, .. Consequently, when
the actual focal position is moved to the third turning position
13, a warning message is shown on the graphic user interface
to notify the user. Under this circumstance, the actual focal
position may be moved vertically from the third turning posi-
tion t3 or moved along the rightward direction.

When the actual focal position is moved to the third turning
position t3, if the actual focal position is moved downwardly,
the height of the third turning position t3 may be considered
as the height of the designated shooting area R_,,., because
the third turning position t3 is higher than the second turning
position t2. When the actual focal position is moved to a
position slightly over the initial focal position P0, a warning
message is shown on the graphic user interface to notify the
user that the actual focal position is close to the bottom
boundary of the designated shooting area R ;... Under this
circumstance, by continuously rotating the photographing
device 20, the actual focal position is moved toward an upper
right side from a fourth turning position t4.

When the actual focal position is moved from the fourth
turning position t4 to a fifth turning position t5, the photo-
graphing device 20 realizes that the height of the actual focal
position is substantially equal to the height of the third turning
position t3. Under this circumstance, a warning message may
notify the user of stopping rotating the photographing device
20 in the upward direction. Moreover, since the fifth turning
position t5 and the first turning position t1 are located at the
same vertical line, a warning message may be shown on the
graphic user interface to notify the user that the photograph-
ing device 20 is not permitted to be moved along the right-
ward direction.

From the above discussions, after the actual focal position
is moved to the fifth turning position t5, the actual focal
position may be moved along the leftward direction or the
downward direction according to the relationship between
the fifth turning position t5 and the third turning position t3
(and the first turning position t1). If the photographing device
20 is moved downwardly to a sixth turning position t6, since
the underlying raw images have been captured and the sixth
turning position t6 is located at the right boundary of the
designated shooting area R ;... the photographing device 20
will be rotated toward the lower left side.

As mentioned in FIG. 16, the user may arbitrarily rotate the
photographing device 20 to capture the raw images of the
partial panoramic image while referring to the graphic user
interface. Moreover, after the photographing device 20 are
arbitrarily rotated to define the designated shooting area
R,.s... and capture the raw images, if the user finds that the
raw images corresponding to some designated focal positions
are not captured, the graphic user interface may prompt the
user to capture the remaining un-captured raw images.
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In practice, the sequence and method of capturing the
target images are not restricted. In an embodiment, after the
target images beside the boundaries of the designated shoot-
ing area R, ., are captured, the remaining target images
within these boundary target images will be captured. Insome
other embodiments, after the boundaries of the designated
shooting area R, , are defined with a specified function key
by rotating the photographing device, the target images
within the designated shooting area R_,,,, will be captured.
Moreover, it is noted that the designated shooting area R, .,
is not restricted to have the rectangular shape.

It is noted that the target images may be manually or
automatically captured by the photographing device 20. In an
embodiment, the target image is captured by the photograph-
ing device 20 after the user confirms that the actual focal
position is appropriate. In some other embodiments, during
the process of rotating the photographing device 20, if the
actual focal position is aligned with the designated focal
position, the target image is automatically captured by the
photographing device 20.

From the above descriptions, the present disclosure pro-
vides a panorama photographing method. According to the
panorama photographing method of the present disclosure,
the designated shooting area R, may be determined
according to the user’s requirements. Moreover, the photo-
graphing device has the function of automatically capturing
the target images. Moreover, the boundaries of the designated
shooting area R, , ., may be defined by the user. Conse-
quently, the size of the designated shooting areaR ;... can be
dynamically adjusted. In other words, the panorama photo-
graphing method of the present disclosure is more user-
friendly.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed
embodiments. It is intended that the specification and
examples be considered as exemplary only, with a true scope
of'the disclosure being indicated by the following claims and
their equivalents.

What is claimed is:

1. A panorama photographing method, comprising:

defining a plurality of panorama focal positions required

for a full panorama image;

determining a designated shooting area, wherein the pan-

orama focal positions within the designated shooting
area are taken as a plurality of designated focal posi-
tions;

capturing a plurality of target images corresponding to the

plurality of designated focal positions; and

generating a partial panoramic image corresponding to the

designated shooting area according to the plurality of
target images.

2. The panorama photographing method according to
claim 1, wherein a shooting area corresponding to the full
panoramic image is larger than the designated shooting area.

3. The panorama photographing method according to
claim 1, wherein the step of determining the designated
shooting area comprises:

defining a first boundary of the designated shooting area

along a first direction; and

defining a second boundary of the designated shooting area

along a second direction different than the first direction.

4. The panorama photographing method according to
claim 3, wherein

the first direction is a horizontal direction, and a width of

the designated shooting area is equal to a length of the
first boundary, and
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the second direction is a vertical direction, and a height of
the designated shooting area is equal to a length of the
second boundary.

5. The panorama photographing method according to
claim 3, wherein the step of determining the designated
shooting area further comprises:

defining a third boundary in parallel with the first bound-

ary; and

defining a fourth boundary in parallel with the second

boundary, wherein the designated shooting area is
defined by the first boundary, the second boundary, the
third boundary and the fourth boundary.

6. The panorama photographing method according to
claim 3, wherein the first boundary and the second boundary
are perpendicular to each other, and the designated shooting
area is rectangular.

7. The panorama photographing method according to
claim 1, wherein

the first direction is a vertical direction, and a height of the

designated shooting area is equal to a length of the first
boundary; and

the second direction is a horizontal direction, and a width

of the designated shooting area is equal to a length of the
second boundary.

8. The panorama photographing method according to
claim 1, wherein the designated shooting area is determined
by sensing a rotating trajectory of an electronic device.

9. The panorama photographing method according to
claim 8, wherein

a length of the first boundary of the designated shooting

area is determined according to a rotating extent of the
electronic device along the first direction and a focusing
distance of the electronic device; and

a length of the second boundary of the designated shooting

area is determined according to a rotating extent of the
electronic device along the second direction and the
focusing distance of the electronic device.

10. The panorama photographing method according to
claim 9, wherein the focusing distance is a relative distance
between the electronic device and an actual focal position of
the electronic device.

11. The panorama photographing method according to
claim 8, wherein the step of capturing the plurality of target
images corresponding to the plurality of designated focal
positions comprises:

displaying a preview screen on the electronic device,

wherein a content of the preview screen is changed in
response to rotation of the electronic device.

12. The panorama photographing method according to
claim 11, wherein the preview screen shows an image corre-
sponding to a capturing range of the electronic device,
wherein the capturing range is smaller than the designated
shooting area.

13. The panorama photographing method according to
claim 12, wherein the step of capturing the plurality of target
images corresponding to the plurality of designated focal
positions further comprises:

when the capturing range is within the designated shooting

area, showing the image of the capturing range on the
preview screen in a first display mode; and

when the capturing range is beyond the designated shoot-

ing area, showing the image of the capturing range on the
preview screen in a second display mode.

14. The panorama photographing method according to
claim 13, wherein the step of capturing the plurality of target
images corresponding to the plurality of designated focal
positions further comprises:
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when a first portion of the capturing range is within the
designated shooting area and a second portion of the
capturing range is beyond the designated shooting area,
showing the first portion of the capturing range on the
preview screen in the first display mode and showing the
second portion of the capturing range on the preview
screen in the second display mode.

15. The panorama photographing method according to
claim 11, wherein the step of capturing the plurality of target
images corresponding to the plurality of designated focal
positions further comprises:

when an actual focal position of the electronic device is

aligned with one of the plurality of designated focal
positions, capturing the preview screen corresponding to
the actual focal position accordingly as the target image.

16. The panorama photographing method according to
claim 15, wherein the preview screen shows a plurality of
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target patterns corresponding to the plurality of designated
focal positions.

17. The panorama photographing method according to
claim 16, wherein the preview screen further shows a focus-
ing frame that represents the actual focal position.

18. The panorama photographing method according to
claim 17, wherein when one of the plurality of target patterns
is circumscribed by the focusing frame, the actual focal posi-
tion of the electronic device is aligned with the designated
focal position corresponding to the circumscribed target pat-
tern.

19. The panorama photographing method according to
claim 15, wherein the step of capturing the plurality of target
images corresponding to the plurality of designated focal
positions further comprises

when the actual focal position is beyond the designated

shooting area, stopping capturing the preview screen.
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